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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] This invention relates to an electric apparatus,
and more specifically, to a solution for avoiding damages
caused to an electric apparatus by water.

DESCRIPTION OF PRIOR ART

[0002] Previously there is known an electric apparatus
with an electric device arranged in a housing enclosing
the electric apparatus from the surrounding environment.
Even though the housing efficiently encloses the electric
apparatus by preventing water and air from entering the
apparatus from the outside, water in the housing may still
be a problem. During use of this known apparatus, heat
generated by the electric device is sufficient to prevent
damages due to water. However, once the use of the
electric apparatus ends and the temperature in the hous-
ing drops, moisture in the air inside the housing may un-
der certain conditions condensate into water.

[0003] In the previously known apparatus an electric
resistor is used for heating the inside of the housing when
necessary. Typically such situations occur when the use
of the electric device has ended. Due to this heating,
damages caused by water can be avoided. However, a
drawback with this prior art solution is the amount of en-
ergy needed for the electric resistor. This energy is more
or less wasted, which is not acceptable due to the costs
for obtaining the energy and due to environmental rea-
sons.

[0004] Previously there is also known from US - 5 934
368 A, EP-1603 379 A1 and DE - 36 26 726 A1 solutions
where material absorbing moistis arranged in connection
with an opening in a housing to ensure that moist can be
removed from within the housing by an airstream. How-
ever, a drawback with such a solution is the need to pro-
vide the housing with openings allowing an airstream to
pass through the walls of the housing. Such an opening
will eventually allow dirt to enter the housing, or it will
require afilter that needs regular maintenance to remove
dirt from the filter.

[0005] Previously there is also known from US - 6 161
765 A an outdoor enclosure with a sorption device ad-
sorbing water vapour. In orderto allow the sorption device
torelease collected water the, sorption device is provided
with a heater with heats the sorption device sufficiently
to release water, which naturally requires additional en-
ergy for the heater.

SUMMARY OF THE INVENTION

[0006] An object of an embodiment of the present in-
vention is to solve the above-mentioned drawback and
to provide an electric apparatus in which problems
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caused by water can be avoided simultaneously with min-
imizing waste of energy. This object is achieved with the
electric apparatus according to claim 1.

[0007] The use of a receptacle containing desiccant
makes it possible to collect moist from within the housing
of the electric apparatus such that the risk of damages
due to water can be minimized also when the electric
device is out of use. A thermal connection between the
receptacle and the electric device is utilized for removing
moisture from the desiccant while the electric apparatus
isinuse. Therefore, excess heat produced by the electric
device can be used for preparing the desiccant for a new
period during which the desiccant collects moist.

[0008] Preferred embodiments of the invention are dis-
closed in the dependent claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Inthe following the presentinvention will be de-
scribed in closer detail by way of example and with ref-
erence to the attached drawings, in which

Figure 1 is a block diagram of an electric apparatus,
Figure 2 illustrates a receptacle of the apparatus in
Figure 1, and

Figure 3 is an exploded view of the receptacle in
Figure 2.

DESCRIPTION OF AT LEAST ONE EMBODIMENT

[0010] Figures 1 to 3illustrate an electric apparatus 1.
In the following explanations it is, by way of example,
assumed that the electric device is a periodically operat-
ing electric device, in other words an electric device
which, is not continuously in use but is instead commonly
out of use for relatively long periods of time. An example
of such a periodically operating electric device is a PV
inverter (Photovoltaic Inverter), in other words an inverter
converting the variable DC output of a solar panel into
an AC output. Such a PV inverter is for practical reasons
out of use at night when sunlight is not available. How-
ever, it should be observed that the invention may be
implemented also for other electric apparatuses.

[0011] The electric apparatus 1 includes a housing 2
which encloses an electric device 3 from the surrounding
environment. In the case of a housing for outdoor instal-
lation, the housing has been manufactured to efficiently
prevent dirt and water from entering the housing 2 In
most implementations the housing can be practically air-
tight without a need for any ventilation arrangement to
the surrounding environment.

[0012] During use, the electric device 3 generates
heat. The generated excess heat from the electric device
3 is sufficient to raise the temperature inside the housing
2 sufficiently to avoid problems due to water. However,
when the electric device 3 is not in use, the temperature
inside the housing 2 falls and moisture in the air inside
the housing 2 may under certain conditions condensate
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into water.

[0013] In the illustrated embodiment, the electric ap-
paratus 1 is provided with a receptacle 4 for containing
a desiccant 5. In this connection the term "desiccant”
refers to a material capable of obtaining water from the
gas (usually air) surrounding it such that the surrounding
gas can be kept dry and almost free of moisture. The
receptacle 4 has an opening 6, or actually several open-
ings in the illustrated example, which allows gas to flow
between the interior of the receptacle 4 and the interior
of the housing 2. In this way the desiccant 5 comes into
contact with moisture in the housing 2, and the air inside
the housing 2 can be kept sufficiently dry, also during
periods when the electric device 3 is not in use.

[0014] One suitable desiccant 5 for use in the illustrat-
ed example is silica gel, which is an amorphous silicon
dioxide usually available as small crystals. Silica gel has
an excellent capability of absorbing moisture directly from
air. Additionally, once the silica gel has absorbed as much
water as it possibly can, it can be regenerated such that
the water or moisture is removed from the silica gel. Such
regeneration is achieved by heating the silica gel to a
sufficiently high temperature, usually to a temperature
higher than 100°C, and by keeping the temperature at
this level for a sufficient time period (usually a few hours).
After such regeneration, the silica gel is again ready for
absorbing water.

[0015] In the illustrated embodiment, the receptacle 4
is thermally connected to the electric device 3 for trans-
ferring heat from the electric device 2 to the desiccant 5
when the electric device 3isin use. A thermal connection
may be obtained, as in the illustrated example, by attach-
ing the receptacle 4 to the electric device 2 such that heat
may be conducted from the electric device to the recep-
tacle 4. In that case the receptacle 4 is preferably at-
tached or broughtin direct contact with such a component
of the electric device 3, which during use reaches a rel-
atively high temperature. Such a component may be a
cooling element of an IGBT module (Insulated Gate Bi-
polar Transistor) or an LCL filter, for instance. Alterna-
tively, the receptacle may be thermally connected to the
electric device via a gas flow (such as air flow) transfer-
ring heat dissipated by the electric device to the recep-
tacle. In that case the receptacle may be arranged into
an air flow which exits a cooling element of the electric
device, for instance. Due to the thermal connection, ex-
cess heat generated by the electric device during use of
the electric device may be utilized for removing moisture
from the desiccant 5 in the receptacle 4.

[0016] Intheillustrated embodiment the electric appa-
ratus 1 comprises an electric resistor 7 which is thermally
connected to the receptacle 4 for heating the desiccant
5 such that moisture is removed from the desiccant 5. A
controller 8, which may be implemented with electrical
circuits only or as a combination of a computer program
and electrical circuits, controls the electric resistor 7. In
the illustrated example the controller 8 controls the elec-
tric resistor 7 via a switch 9 such that the electric supply
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to the electric resistor can be switched on and off de-
pending on whether or not the electric resistor 7 needs
to heat the receptacle 4 at that particular moment.
[0017] In addition to the controller 8, the electric appa-
ratus 1 may in some embodiments be optionally provided
with a sensor 10 for measuring the humidity in the hous-
ing 2 and/or with a sensor 11 for measuring the temper-
ature in the housing 2. In the illustrated example both the
sensor 10 for measuring the humidity and the sensor 11
for measuring the temperature provides the controller 8
with information about the temperature and humidity
(amount of water in the air) in the housing.

[0018] In many implementations, the electric device 3
alone generates, during use, enough heat to raise the
temperature inside the housing 2 sufficiently for removing
moist from the desiccant 5. However, if the controller 8
via the temperature sensor 11 detects that the tempera-
ture indicated by the sensor 11 is below a predetermined
limit while the electric device is in use, the controller 8
controls the electric resistor 7 via the switch 9 to heat the
receptacle 4 for a predetermined time period, for in-
stance. In this way moisture can be removed from the
desiccant 5, and it can be ensured that the desiccant 5
is able to keep the interior of the housing 2 dry once the
use of the electric device 3 ends.

[0019] The controller 8 also monitors the humidity in-
side the housing 2 by means of the sensor 10. In case
the air humidity indicated by the sensor 10 is above a
predetermined limit, the controller 8 controls the electric
resistor 7 via the switch 9 to heat the receptacle 4 for a
predetermined time period, for instance. In this way the
temperature inside the housing 2 can be sufficiently
raised to ensure that water will not cause any problems,
and additionally, moisture can be removed from the des-
iccant 5. Typically situations where the air humidity is
above a predetermined limit may occur while the electric
device 3 is out of use for a relatively long period of time,
during which the amount of water absorbed by the des-
iccant 5 will reach the maximum level that the desiccant
can absorb.

Claims
1. An electric apparatus (1), comprising:

an electric converting device (3) such as an in-
verter which, during use, generates heat,

a housing (2) enclosing the electric converting
device (3) from the surrounding environment by
efficiently preventing dirt, water and air from en-
tering the housing, wherein

the electric apparatus (1) comprises a recepta-
cle (4) for containing a desiccant (5) in said hous-
ing, the receptacle (4) has an opening (6) allow-
ing gas to flow between the interior of the recep-
tacle (4) and the interior of the housing (2) in
order for the desiccant (5) to come into contact
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with moisture in the housing (2), and character-
ized in that

the receptacle (4) is thermally connected to the
electric converting device (3) for transferring
heat from the electric converting device (3) to
the desiccant (5) for removing moisture from the
desiccant (5).

The electric apparatus according to claim 1, char-
acterized in that the receptacle (4) is thermally con-
nected to the electric converting device (3) viaa cool-
ing element of the electric converting device (3), to
which the receptacle (4) is attached for conducting
heat to the desiccant (5).

The electric apparatus according to claim 1 or 2,
characterized in that the receptacle (4) is thermally
connected to the electric converting device (3) via a
gas flow transferring heat dissipated by the electric
converting device (3) to the receptacle (4).

The electric apparatus according to one of claims 1
to 3, characterized in that the apparatus comprises
an electric resistor (7) thermally connected to the
receptacle (4) for heating the desiccant (5) such that
moisture is removed from the desiccant (5), and

a controller (8) for controlling the electric resistor (7)
to heat the desiccant (5).

The electric apparatus according to one of claims 1
to 3, characterized in that the apparatus comprises
a sensor (11) for measuring the temperature in the
housing (2),

an electric resistor (7) thermally connected to the
receptacle (4) for heating the desiccant (5) such that
moisture is removed from the desiccant (5), and

a controller (8) arranged to activate the electric re-
sistor (7) to heat the desiccant (5) when the temper-
ature indicated by the sensor (11) is below a prede-
termined limit while the electric converting device (3)
is in use.

The electric apparatus according to one of claims 1
to 3, characterized in that the apparatus comprises
a sensor (10) for measuring air humidity in the hous-
ing (2),

an electric resistor (7) thermally connected to the
receptacle (4) for heating the desiccant (5) such that
moisture is removed from the desiccant (5), and

a controller (8) arranged to activate the electric re-
sistor (7) to heat the desiccant (5) when the air hu-
midity indicated by the sensor (10) is above a pre-
determined limit.

The electric apparatus according to one of claims 1
to 6, characterized in that the electric converting
device (3) is a periodically operating electric device.

10

15

20

25

30

35

40

45

50

55

8. The electric apparatus according to one of claims 1
to 7, characterized in that the desiccant (5) is silica
gel.

9. The electric apparatus according to one of claims 1
to 8, characterized in that the housing (2) is a hous-
ing for outdoor installation of an electric converting
device (3).

10. The electric apparatus according to one of claims 1
to9,characterizedinthatthe electricapparatus
(1) is an inverter converting a DC input from a solar
panel to an AC output.

Patentanspriiche

1. Elektrische Vorrichtung (1), die umfasst:

eine elektrische Umwandlungseinrichtung (3),
wie beispielsweise ein Wechselrichter, die in
Funktion Warme erzeugt,

ein Gehause (2), das die elektrische Umwand-
lungseinrichtung (3) gegentiber der aulleren
Umgebung abschlie3t und damit effektiv verhin-
dert, dass Schmutz, Wasser und Luft in das Ge-
hause eindringen, wobei

die elektrische Vorrichtung (1) einen Behalter
(4) umfasst, der ein Trocknungsmittel (5) in dem
Gehause aufnimmt, wobei der Behélter (4) eine
Offnung (6) aufweist, die zuldsst, dass Gas zwi-
schen dem Innenraum des Behalters (4) und
dem Innenraum des Gehauses (2) strémt, damit
das Trocknungsmittel (5) in Kontakt mit Feuch-
tigkeit in den Gehause (2) kommt, und dadurch
gekennzeichnet, dass

der Behalter (4) thermisch mit der elektrischen
Umwandlungseinrichtung (3) verbunden ist" um
Warme von der elektrischen Umwandlungsein-
richtung (3) auf das Trocknungsmittel (5) zu
Ubertragen und Feuchtigkeit aus dem Trock-
nungsmittel (5) zu entfernen.

2. Elektrische Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass der Behalter (4) Uber ein
Kuhlelement der elektrischen Umwandlungseinrich-
tung (3),an dem der Behalter (4) angebrachtist, ther-
misch mit der elektrischen Umwandlungseinrichtung
(3) verbunden ist, um Warme zu dem Trocknungs-
mittel (5) zu leiten.

3. Elektrische Vorrichtung nach Anspruch 1 oder 2, da-

durch gekennzeichnet, dass der Behalter (4) Gber
einen Gasstrom, der von der elektrischen Umwand-
lungseinrichtung (3) abgeleitete Warme zu dem Be-
halter (4) Ubertragt, thermisch mit der elektrischen
Umwandlungseinrichtung (3) verbunden ist.
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4. Elektrische Vorrichtung nach einem der Anspriiche

1 bis 3, dadurch gekennzeichnet, dass die Vor-
richtung umfasst:

einen elektrischen Widerstand (7), der ther-
misch mit dem Behalter (4) verbunden ist, um
das Trocknungsmittel (5) zu erwarmen, so dass
Feuchtigkeit aus dem Trocknungsmittel (5) ent-
fernt wird, und

eine Steuereinrichtung (8), mit der der elektri-
sche Widerstand (7) so gesteuert wird, dass das
Trocknungsmittel (5) erwarmt wird.

5. Elektrische Vorrichtung nach einem der Anspriiche

1 bis 3, dadurch gekennzeichnet, dass die Vor-
richtung umfasst:

einen Sensor (11), mit dem die Temperatur in
dem Gehause (2) gemessen wird,

einen elektrischen Widerstand (7), der ther-
misch mit dem Behalter (4) verbunden ist, um
das Trocknungsmittel (5) zu erwarmen, so dass
Feuchtigkeit aus dem Trocknungsmittel (5) ent-
fernt wird, und

eine Steuereinrichtung (8), die so eingerichtet
ist, dass sie den elektrischen Widerstand (7)
zum Erwarmen des Trocknungsmittels (5) akti-
viert, wenn die durch den Sensor (11) angezeig-
te Temperatur unter einer vorgegebenen Gren-
ze liegt, wahrend die elektrische Umwandlungs-
einrichtung (3) in Betrieb ist.

Elektrische Vorrichtung nach einem der Anspriiche
1 bis 3, dadurch gekennzeichnet, dass die Vor-
richtung umfasst:

einen Sensor (10) zum Messen von Luftfeuch-
tigkeit in den Gehause (2),

einen elektrischen Widerstand (7), der ther-
misch mit dem Behalter (4) verbunden ist, um
das Trocknungsmittel (5) zu erwarmen, so dass
Feuchtigkeit aus dem Trocknungsmittel (5) ent-
fernt wird, und

eine Steuereinrichtung (8), die so eingerichtet
ist, dass sie den elektrischen Widerstand (7)
zum Erwarmen des Trocknungsmittels (5) akti-
viert, wenn die durch den Sensor (10) angezeig-
te Luftfeuchtigkeit unter einer vorgegebenen
Grenze liegt.

Elektrische Vorrichtung nach einem der Anspriiche
1 bis 6, dadurch gekennzeichnet, dass die elektri-
sche Umwandlungseinrichtung (3) eine periodisch
arbeitende elektrische Einrichtung ist.

Elektrische Vorrichtung nach einem der Anspriiche
1bis 7, dadurch gekennzeichnet, dass das Trock-
nungsmittel (5) Silikagel ist.
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9.

10.

Elektrische Vorrichtung nach einem der Anspriiche
1 bis 8, dadurch gekennzeichnet, dass das Ge-
hause (2) ein Gehause, fir Aulleninstallation einer
elektrischen Umwandlungseinrichtung (3) ist.

Elektrische Vorrichtung nach einem der Anspriiche
1 bis 9, dadurch gekennzeichnet, dass die elektri-
sche Vorrichtung (1) ein Wechselrichter ist, der einen
Gleichstrom-Eingang von einem Solarpanel in einen
Wechselstrom-Ausgang umwandelt.

Revendications

1.

Appareil électrique (1), comprenant :

un dispositif de conversion électrique (3) tel
qu’un onduleur qui, en utilisation, génére de la
chaleur,

un logement (2) enfermant le dispositif de con-
version électrique (3) par rapport a I'environne-
ment alentour en empéchant efficacement I'en-
trée de poussiére, d'eau et d’air dans le loge-
ment, dans lequel

I'appareil électrique (1) comprend un réceptacle
(4) pour contenir un siccatif (5) dans ledit loge-
ment, le réceptacle (4) comporte une ouverture
(6) permettant I'écoulement de gaz entre l'inté-
rieur du réceptacle (4) et I'intérieur du logement
(2) afin que le siccatif (5) vienne en contact avec
’humidité dans le logement (2), et caractérisé
en ce que

le réceptacle (4) est relié thermiquement au dis-
positif de conversion électrique (3) pour trans-
férer la chaleur du dispositif de conversion élec-
trique (3) au siccatif (5) pour retirer ’lhumidité du
siccatif (5).

Appareil électrique selon la revendication 1, carac-
térisé en ce que le réceptacle (4) est relié thermi-
quement au dispositif de conversion électrique (3)
par l'intermédiaire d’un élément de refroidissement
du dispositif de conversion électrique (3), auquel le
réceptacle (4) est attaché pour conduire la chaleur
vers le siccatif (5).

Appareil électrique selon la revendication 1 ou 2, ca-
ractérisé en ce que le réceptacle (4) est relié ther-
miquement au dispositif de conversion électrique (3)
par I'intermédiaire d’'un écoulement de gaz transfé-
rant la chaleur dissipée par le dispositif de conver-
sion électrique (3) au réceptacle (4).

Appareil électrique selon 'une des revendications 1
a 3, caractérisé en ce que I'appareil comprend :

une résistance électrique (7) reliee thermique-
ment au réceptacle (4) pour chauffer le siccatif
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(5) de sorte que 'humidité soit retirée du siccatif
(5), et

un contrdleur (8) pour commander la résistance
électrique (7) pour chauffer le siccatif (5).

Appareil électrique selon I'une des revendications 1
a 3, caractérisé en ce que I'appareil comprend :

un capteur (11) pour mesurer la température
dans le logement (2),

une résistance électrique (7) reliée thermique-
ment au réceptacle (4) pour chauffer le siccatif
(5) de sorte que 'humidité soit retirée du siccatif
(5), et

un contréleur (8) agencé pour activer la résis-
tance électrique (7) pour chauffer le siccatif (5)
lorsque la température indiquée par le capteur
(11) est inférieure a une limite prédéterminée
alors que le dispositif de conversion électrique
(3) est en cours d'utilisation.

Appareil électrique selon I'une des revendications 1
a 3, caractérisé en ce que I'appareil comprend :

un capteur (10) pour mesurer 'humidité de I'air
dans le logement (2),

une résistance électrique (7) reliée thermique-
ment au réceptacle (4) pour chauffer le siccatif
(5) de sorte que I'humidité soit retirée du siccatif
(5), et

un contréleur (8) agencé pour activer la résis-
tance électrique (7) pour chauffer le siccatif (5)
lorsque I'humidité de I'airindiquée par le capteur
(10) est supérieure a une limite prédéterminée.

Appareil électrique selon I'une des revendications 1
a 6, caractérisé en ce que le dispositif de conver-
sion électrique (3) est un dispositif électrique fonc-
tionnant périodiquement.

Appareil électrique selon I'une des revendications 1
a7, caractérisé en ce que le siccatif (5) est un gel
de silice.

Appareil électrique selon I'une des revendications 1
a 8, caractérisé en ce que le logement (2) est un
logement pour l'installation a I'extérieur d’'un dispo-
sitif de conversion électrique (3).

Appareil électrique selon I'une des revendications 1
a9, caractérisé en ce que I'appareil électrique (1)
est un onduleur convertissant une entrée continue
provenant d’un panneau solaire en une sortie alter-
native.
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